We provide a closed form upper bound formulation for the average pairwise-error probability (PEP) of selective decode and forward (SDF) cooperation protocol for a keyhole (pinhole) channel condition. We have employed orthogonal space-time block-code scheme (OSTBC) in conjunction with multi-antenna (MIMO) technology. We have used moment generating function (MGF) based approach for deriving the upper bound of PEP. PEP expression provides information regarding the performance of the wireless system with respect to the channel conditions. We have included simulation results which confirm the analytical results of our proposed upper bound. Simulation results show that due to keyhole effect performance of wireless system degrades.
INTRODUCTION
Cooperative communications [1] - [2] enhances the performance of wireless systems, in which, user's coordinate among themselves to facilitate the transfer of information to each other. Two mostly used relay protocols are Amplify-and-Forward [3] - [4] and decodeand-Forward [5] - [6] . In case of AF relaying protocol source first sends the data to both relay as well as destination node. Relay-node amplifies the received signal followed by retransmission of a signal to the destination-node. However, in case of decode and forward protocol, relay-node decodes the signal it gets from the source and after decoding the signal it forwards the signal to the destination node. The problem associated with simple decodes and forward protocol is the transmission of erroneously decoded signal to the destination node. In order to overcome this problem, we are using SDF [7] relaying. In SDF relaying, relay only forwards the signal to the destination when it decodes correctly otherwise it will remain idle. In paper [8] - [9] , the authors have analyzed the symbol error rate (SER) performance of the DF protocol over Rayleigh fading channel as well as Nakagami-m fading channel conditions. In [10] , the author performed a PEP performance analysis of SDF over Rayleigh fading channel. In [11] , the authors provide an enlightenment on the PEP performance of C(0) decode-and-forward cooperation protocol over Nakagami-m fading channel condition. To the best of our knowledge, PEP analysis has not been done for SDF over keyhole channel [12] as well as over keyhole Nakagamim fading channels [13] . To this end, we have done PEP performance analysis of SDF over general keyhole channel condition and also keyhole Nakagami-m fading channel condition. This paper is organized as follows: Section I contains the introduction of the system model and keyhole channel. The PEP close form expression is derived in section II for Gaussian keyhole channel. In section III, PEP expression is presented for keyhole Nakagami-m fading channel. In section IV simulation results are given to confirm our analytical results. In section V, the conclusion is given. NT  matrices over the complex field .
I. SYSTEM MODEL
A. Moment generating function of Gaussian keyhole channel Keyhole (pinhole) channel condition arises in high scattering around the receiver and transmitter. Consider a screen with a small barrier (pinhole) (e.g. tunnel) between the T N transmitting node and R N receiving node. The signal can go to the receiver only by propagating through this pinhole. This barrier causes a reduction in the rank of the channel coefficient matrix and degradation in performance of the wireless communication [14] system. The channel matrix can be modelled by considering that channel fading coefficients of H matrix are a product of two un-correlated Gaussian random variables. In Fig. 1 we have given the diagram of the keyhole fading channel. ... ... . . X is given as [18] , 
Fig. 1 Keyhole Propagation Model
Using equation (6) in equation (5), we get, (8) in equation (7), we get,
Taking the expected value of expected value of equation (9) we get,
From moment generating function given in equation (1) we get, 
Where SD H denote the channel fading matrix for source to 
 at high SNR and using equation (10) and (12) Hence end to end PEP at destination is expressed in equation (14).
III. PEP EXPRESSION FOR KEYHOLE NAKAGAMI-M CHANNEL
Using the same procedure and by using the moment generating function approach as given in equation (34) in paper [13] , we can write the PEP upper bound expression as expressed in equation (15) In Fig. 3 we have given the PEP performance for various types of decoding schemes. From Figure 3 we have shown that bit error probability performance is very near to the performance of maximum likelihood decoding schemes. The performance of the minimum distance decoding scheme is worst as compared to the near maximum likelihood and PEP performance. This verifies out theoretical results because in case of minimum distance decoding relay might forward the erroneous signal to the destination, so its performance is bad as compared to PEP.
In Fig. 4 In this figure we have compared the PEP performance between the Nakagami-m channel and keyhole Nakagami-m fading channel. We can show that PEP increases in case of keyhole Nakagami-m channel, it means performance decreases in Keyhole channel. This verifies our analytical result that due to rank deficiency the performance of the keyhole Nakagami-m fading channel is worst as compared to Nakagami-m fading channel. In shown that the performance of keyhole channel is worst as compared to Nakagami-m fading channel. In Fig. 6 we have shown the performance of PEP in variation with the m fading parameter. For higher values of m we obtain lower PEP.
V. CONCLUSION
We have formulated the PEP expression for the keyhole considering Gaussian channel as well as Keyhole Nakagami-m fading channel. We have employed orthogonal space-time block coding (OSTBC) in conjunction with multi-antenna (MIMO) technology. We have conducted simulation which affirms the analytical results of our proposed PEP expression for Keyhole channel. We have shown that due to keyhole the performance of the system decreases. Simulation results show that due to rank deficiency keyhole produces worst performance as compared to Nakagami-m fading channel. 
